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© Method and apparatus for detecting low concentrations of (bio)- chemical components in a test 
medium using surface plasmon resonance. 



© A method and an apparatus for detecting low 
concentrations of at least one (bio-)chemical compo- 
Nnent present in a test medium in a test cell, having a 
^ metal layer as sub wall with an external glass prism, 
fusing the surface plasmon resonance effect. A light 
0>ray is coupled in and, after attenuated total reflec- 
tion, is coupled out and the intensity thereof is 
O measured. The incidence angle position of the reso- 
00 nance curve is determined under the influence of the 
^change, caused by the component, in the dielectric 
© constant of the test medium near the metal layer. An 
-adjustable selector is applied to the metal layer, in 
[jj order to influence the incidence angle position of the 
resonance curve, through which the concentrations 
or concentration changes of one or more compo- 



nents in the test medium can be simultanously de- 
termined through one or more differential measure- 
ments. A preferential association and therefor a high- 
er concentration at the metal layer of one component 
above another is brought about. 

fig- 5 
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Method and apparatus for detecting low concentrations of (bio-)chemical components present in a 

test medium using surface plasmon resonance. 



The invention relates to a method for detecting 
low concentrations of at least one (bio-)chemical 
component present in a test medium in a test cell, 
having a metal layer as sub wall with an external 
prism, using the surface plasmon resonance effect, 
in which a light ray polarized in the plane of in- 
cidence is coupled in via the prism and, after 
attenuated total reflection, is coupled out and the 
intensity thereof is measured, the incidence angle 
position of the resonance curve therein being de- 
termined under influence of the change, caused by 
the component, in the dielectric constant of the test 
medium near the metal layer. 

The invention also relates to an apparatus for 
detecting low concentrations of at least one (bio- 
chemical component present in a test medium, 
using the surface plasmon resonance effect, which 
apparatus is provided with a test cell for the test 
medium having a metal layer as sub wall with an 
external prism, a monochromatic light source for 
coupling in via the prism a light ray polarized in the 
plane of incidence in order to excite a surface 
plasmon wave in the metal layer, and at least a 
detector for measuring the intensity occurring with 
attenuated total reflection in the light ray coupled 
out, the incidence angle position of the resonance 
curve therein changing under the influence of the 
change, caused by the component, in the dielectric 
constant of the test medium near the metal layer. 

From the article entitled "Surface plasmon res- 
onance for gas detection and biosensing" by C. 
Nylander, et at in "Sensors and actuators", 4 
(1983), pages 299-304 it is known that the so 
called surface plasmon resonance effect is used for 
gas detection. With this, small variations in the 
dielectric constant of a gaseous medium can be 
measured. These variations are, for example, a 
consequence of the change in the composition of 
the medium. 

In the case of the method and apparatus de- 
scribed in the abovementioned article, a surface 
plasmon wave can be excited in the thin metal 
layer, which forms a sub wall of the test cell, by 
means of a light ray polarized in the plane of 
incidence. The thickness of the metal layer or film 
on the prism has to be very thin. The excitation 
takes place at a particular angle of incidence, and 
this can be measured by detecting the intensity of 
the attenuated, totally reflected light with a varying 
angle of incidence. A change in the composition of 
the test medium or in the content of the component 
under investigation in the test medium results in a 
change in the dielectric constant, as a result of 
which the resonance curve shifts to another reso- 



nant angle of incidence. This can be used for a 
quantitative detection, the intensity of the reflected 
light being measured at a fixed angle. The most 
sensitive method of detection is to measure the 

5 intensity at the edge of the resonance curve since 
a shift of the surface plasmon resonance curve 
then will cause the largest change in signal. 

A problem in the abovementioned known meth- 
od and apparatus is the low selectivity, and the fact 

10 that only one component can be measured at a 
time. 

The object of the invention is to eliminate this 
disadvantage and to provide a method and appara- 
tus, with which very low concentrations of (bio- 
is )chemical components in a test solution or medium 
can be detected simultaneously in a selective man- 
ner. 

According to the invention, this is achieved in a 
method of the type mentioned in the introduction, 

20 such that an adjustable selector is applied to the 
metal layer in order to influence the incidence 
angle position of the resonance curve, through 
which the concentrations or concentration changes 
of one or more components in the test medium can 

25 be simultaneously determined through one or more 
differential measurements because a preferential 
association and therefor a higher concentration at 
the metal layer of one component above another is 
brought about. 

30 At the same time, according to the invention, 
this is achieved in an apparatus of the type men- 
tioned in the introduction such that the test cell is 
embodied with an adjustable selector at the metal 
layer in order to influence the incidence angle 

35 position of the resonance curve, through with the 
concentrations or concentration changes of one or 
more components in the test medium can be deter- 
mined simultaneously via one or more differential 
measurements because a preferential association 

40 and therefor a higher concentration at the metal 
layer of one component above another is brought 
about. 

It is known per se from the article entitled 
"Surface plasmons as a probe of the electrochemi- 

45 cal interface" of J.G. Gordon II et al from the 
periodical "Surface Science" vol. 101, 1980 page 
499 - 506, North-Holland Publishing Co., Amster- 
dam, to influence the incidence angle position of 
the resonance curve with the aid of a variable 

so electrode potential and thereby to determine sub- 
sequently certain components. As a result of this 
electrochemical potential dependence, the concen- 
tration of free electrons near the interface and 
thereby the optical dielectric constant is indeed 



3DOCID: <EP 0286195A2 I > 



3 



0 286 195 



4 



influenced. The sensitivity, realised thereby, how- 
ever, is far less than the sensitivity of present 
invention. The selective character and thereby the 
possibility of differential measurements, for deter- 
mining the concentrations or concentration changes 
of one or a plurality of components in the test 
medium simultaneously, are not mentioned in said 
article. At the same time, in this known apparatus 
use is made of the usual cumbrous method for 
changing the angle of incidence of the incoming 
light ray via a stepping motor and a rotating table. 

The invention will be explained in more detail 
on the basis of some embodiments with reference 
to the drawings, in which the same elements in the 
different figures are indicated with the same refer- 
ence numerals, and wherein: 

Figure 1 shows a diagram of the known 
surface plasmon wave excitation according to the 
Kretschmann configuration; 

Figure 2 shows a surface plasmon reso- 
nance (SPR) curve which represents the reflected 
intensity as a function of the angle of incidence of 
a light ray for two values of the dielectric constant; 

Figure 3 shows a diagram of a known mea- 
suring apparatus; 

Figure 4a shows a perspective view of the 
measuring apparatus according to the invention 
having an array-like implementation of the metal 
layer and of the fight source/detector arrangement; 
and 

Figure 4b shows a plan view of the array of 
metal layers and their connections; 

Figure 5 shows an embodiment of the mea- 
suring apparatus according to the invention; 

Figure 6 shows a diagram of a number of 
measuring ranges with an adjustable potential as 
selector; 

Figures 7a through 7c show variants of the 
metal layers having different selectors respectively, 
and figure 7d shows a graph explaining figure 7c; 

Figures 8a through 8c show further variants 
of the metal layers having different selectors re- 
spectively; 

Figure 9 shows a graph of surface plasmon 
reference (SPR) against angle of incidence of one 
metal layer with and without selector; 

Figure 10 shows an embodiment of the mea- 
suring apparatus as a continuous-flow detector; and 

Figures 1 la and lib show respectively 
graphs of the angle of resonance against potential 
of two solutions and of the resonance curve of the 
same solutions at one potential. 

Surface plasmon resonance is an optical tech- 
nique which has been known for a short time in the 
field of examination for chemical components. Un- 
der the correct conditions, the reflectivity of a thin 
metal layer will be sensitive to variations in the 
medium on one side of the metal layer. A surface 



plasmon wave can be regarded as a density wave 
of the free electron plasma. The type of plasmon 
wave which is of importance in this connection is 
the non-radiating surface plasmon wave. Such a 

s surface plasmon wave can be excited only be 
incident monochromatic light which is polarized in 
the plane of incidence. In this connection, refer- 
ence is made to figure 1 . Here 1 indicates a metal 
layer, 2 indicates a prism, 3 indicates a test me- 

to dium or test solution, lo indicates a coupled-in light 
ray and Ir indicates the light ray coupled out after 
reflection. 

For a particular angle of incidence of the light 
coupled in via the prism, surface plasmons will be 

75 resonantly excited. This is observed on measuring 
the intensity of the attenuated totally reflected light 
as a very sharp minimum in the light reflection 
when the angle of incidence is varied, as is in- 
dicated in figure 2. Now, a change in the content of 

20 the compound or component to be examined in a 
medium results in a change in the dielectric con- 
stant (from «1 to €2), as a result of which the entire 
resonance curve shifts to another resonant angle of 
incidence (Figure 2). This change in position will 

25 occur only for a change in the dielectric constant at 
a very short distance from the metal layer, in the 
order of the excitation wavelength. 

Although small variations in the dielectric con- 
stant of a medium can be measured with this 

30 method, the selectivity is low or even non-existent. 
By making use of an adjustable selector at the 
metal layer a stimulated (preferential) association of 
the components under examination can be ob- 
tained in the presence of said adjustable selector 

35 and the selectivity can be increased correspond- 
ingly. Such an adjustable selector for example is a 
variable potential or a (bio-)chemical affinity ligand, 
such as an antibody, DNA-probe, crown-ether, and 
so on. The preferential association then is a pref- 

40 erential adsorption or a preferential binding. 

By applying a variable potential difference, re- 
lated to the components to be measured, between 
the metal layer and the test solution, a plurality of 
components can be adsorbed subsequently at the 

45 metal surface. Since the adsorption is usually de- 
pendent on the potential, a certain selectivity is 
obtained as a result of this. Since the surface 
plasmon resonance occurs at the metal-solution 
interface, the sensitivity of. the measurement will 

so also increase considerably as a result of the local 
increase in concentration which occurs during ad- 
sorption. 

For the said electrochemically stimulated ad- 
sorption it is necessary for the test medium to be 
55 conductive. For this purpose, an electrolyte solution 
can be employed in which the components to be 
examined or the adsorbates are dissolved. 

Figure 3 shows diagrammatically a surface 
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plasmon resonance measuring apparatus with vari- 
able potential adjustment. Using the Kretschmann 
configuration, a surface plasmon wave is excited at 
the surface of the metal layer l. The metal layer 
joined to the prism 2 is coupled via a brass ring 
(not shown), coated with an electric conductor fx 
gold, and a sealing ring to the test cell 6. Said test 
cell contains the test medium 3. A reference poten- 
tial Uref is formed by means of a reference elec- 
trode 9 (for example, Ag/AgCI or SCE) with internal 
salt bridge. The variable potential difference is ap- 
plied between the metal layer, which functions as 
working electrode, and the reference electrode. 
Any passage of current takes place between the 
working electrode 1 and the platinum counter elec- 
trode 10. 

Further, 12 indicates a polarized laser. 13 a 
neutral density filter, and 14 a stepping motor for 
causing the rotating table 15 with the test cell 
provided thereon in the Kretschmann configuration 
to rotate. The three electrodes mentioned above 
are connected to a potentiostat 16 which is fed by 
a function generator 21. The reflected light passes 
through a lens 17 and is incident on the detector 
18, both being attached to the rotation spindle of 
the rotating table. The output signal of the detector 
18 is fed to a radiometer 19 which in turn drives a 
recorder 20. 

The selectivity can be further improved by 
using, instead of a continuous metal layer, an array 
or grouping of metal layer strips 1 to which various 
potentials are applied. In this connection, reference 
is made to Figure 4a. The light rays to be coupled 
in are generated with an array of light sources 22 
and the reflected light rays are then detected with 
a linear photodiode - or CCD - array 23. Figure 4b 
shows a plan view of the array of metal layer strips 
connected to a number of connections to which 
various potentials Ul to Un are applied, in this 
manner the concentrations or concentration 
changes of one or more components present in the 
test medium can be measured simultaneously in a 
selective manner by means of difference measure- 
ments without having to scan the potential. 

In addition, this has the advantage that 
changes in dielectric constant of the test medium 
itself or the solvent (eluent), which are not the 
result of a concentration change of adsorbable 
components, are eliminated. This can be achieved 
by choosing a potential (as reference) at which the 
expectation is that no adsorption of any component 
whatsoever will take place at it. If changes are 
nevertheless produced in the solvent or test me- 
dium, the signal change at said reference potential 
will be equal to the signal change of the compo- 
nents to be measured. 

In figure 5 an advantage arrangement is in- 
dicated in which the stepping motor 14 and rotation 



table 15 of figure 3 are eliminated. Based on a 
mutually fixed position of one light source 12. for 
example an AlGaAs semiconductor laser, and the 
test cell 6, however, a range of variable angles of 
5 incidence of the light ray can indeed be obtained, 
f.i. from 60° to 70°. The laser 12 emits a beam of 
parallel light rays which via the prism 2 are coupled 
in in the transparent polarisation-free slide 5, con- 
sisting of glass or plastic, which is coupled via an 
/o immersion oil film 4 to the prism 2. The slide 5 at 
the side of the test medium 3 is provided with a 
number of isolated parallel grooves, the curvatures 
of which are mutually precise and identical and the 
longitudinal direction of which is transverse to the 
/5 direction of the beam of light rays. A metal layer 1 , 
f.i. gold, is provided on the surface of the grooves 
in the slide 5. On said metal layer the light rays, in 
dependence on the location in the groove, enter 
under different angles of incidence. The light rays 
20 coupled out after total reflection are focussed via a 
cylindrical lens onto a row of light detectors, f.i. 
CCD's. The position of the resonant angles of in- 
cidence are now determined via differential mea- 
surements for one or more components in depen- 
25 dence of the adjustable potential. 

Figure 6 indicates in which manner via differen- 
tial measurements the resonant angles of incidence 
and thereby a plurality of components in the test 
medium can be determined with the aid of a vari- 
30 able potential. The potential regions oa, ab, be, and 
cd can subsequently be established on the poten- 
tial axis, which regions respectively correspond 
with the resonant angles of incidence 0res re i, 0res A , 
0res A «. B . and flres A * s * c and thereby with the 
35 reference component (test medium f.i.), 
component(s) A, A + B. and A + B + C. 

Figures 7a. 7b, 7c show several embodiments 
with the aid of which, and together with an adjust- 
able selector at the metal layer, a plurality of com- 
40 ponents (or the concentration of one component in 
various samples) can be determined. 

Figure 7a indicates that different potentials U1, 
U2. and U3 are applied to the mutually isolated 
metal layers in adjacent (groups of) grooves, which 
45 potentials respectively correspond with the refer- 
ence component, component A, and component A 
+ B. Said components A, B, and C can be deter- 
mined with the aid of differential measurements. 
Figure 7b indicates that, with the aid of dif- 
so ferent potentials U1, U2, and U3 at the metal layers 
in the adjacent grooves, the various concentrations 
of component [A] in various samples in the me- 
dium can be determined with respect to the refer- 
ence component. 
55 Figure 7c indicates that, instead of an adjust- 
able potential as selector, now an array of (bio- 
chemical selective affinity ligands, such as f.i. an 
antibody (Ag), a DNA-probe, a (lipo) polysaccha- 




ride, can be used as selector. Thereby interactions 
or preferential bindings for example between anti- 
bodies (Ab) and antigenes (Ag) can be examined. 
In this case, then subsequently no antibody and 
antibodies Ab1. Ab2 and Ab3 (f.i. polio virus, tuber- 
cil bacil. measles) are fixedly adsorbed to the metal 
layers of adjacent grooves, and the antigenes Ag1, 
Ag2. and Ag3 then can be examined via preferen- 
tial bindings in the test medium. 

In figure 7d for one combination Ab. Ag the 
subsequent positions of the -resonant angles of 
incidence are indicated respectively without affinity 
ligand. with Ab. with Ab + Ag. It is obvious that the 
interactions can also be examined in a reverse 
manner ie. that instead of antibodies, the antigenes 
are fixedly adsorbed to the metal layers. It is also 
possible that DNA-or RNA-probes can be used as 
selectors in order to examine the presence of ho- 
mologous DNA. 

Figures 8a, 8b and 8c show further variants of 
said grooves in relation with figures 7a. 7b and 7c. 
Each groove now consist of a row of interrupted 
(mutually isolated) groove portions, the longitudinal 
direction of which is still transverse to the beam of 
light rays as in figure 5. The connection of the 
potentials U1, U2, U3, ... is however different with 
respect to figure 7. Said selectors are now applied 
each to a metal strip consisting of adjacent groove 
portions. Through this system two advantages are 
obtained. First, by irradiating a plurality of cur- 
vatures, i.e. a plurality of (interrupted) grooves, an 
interference pattern comes about in the coupled- 
out light. Said pattern can be used as internal 
calibration in order to assist in determining the shift 
of the resonant angle due to changes in the dielec- 
tric constant at the metal surface. Second, it is 
possible through this system of interrupted grooves 
to determine a plurality of component concentra- 
tions or -changes simultaneously or quickly in suc- 
cession by using a CCD-(matrix) camera. 

Figure 9 shows the measuring results of an 
antigene/antibody interaction through surface pias- 
mon resonance (SPR). The three curves represent 
SPR reflections at a gold film in contact with: a) a 
reference (PBS buffer) solution; b) a fixedly ad- 
sorbed antibody (human IgG); and c) said antibody 
in preferential binding with antigene (anti-IgG). 

Figure 10 gives an example of a measuring 
apparatus according to the invention which is con- 
structed as a continuous-flow detector. The test 
medium in which the component under examina- 
tion has been taken up is supplied and removed 
via the conduits 30 and 31. The test cell or the test 
volume 6 is again bounded on one side by the 
metal layer 1 which functions as working electrode. 
This metal layer is again deposited on a slide 5 
consisting of glass or plastic, which is coupled via 
immersion oil 4 to the prism 2. 7 indicates a 



sealing ring and 8 indicates a brass connecting 
contact of the metal layer. 9 and 10 again indicate 
the reference electrode and the counterelectrode. 
In a variant, such an apparatus can be imple- 

5 mented as a wall-jet detector. 

The result of a number of measurements will 
now be discussed. Measurement is always carried 
out with metal layers or films or optimum thickness, 
ie. films whose surface plasmon resonance curve is 

w as narrow and deep as possible. For gold this 
thickness is approx. 450 A and for silver approx. 
400 A. Plasmon resonance curves recorded for 
aqueous solutions are less deep, are wider and 
have a greater angle of resonance. In spite of the 

is somewhat narrower resonance peak in the case of 
silver, it is advantageous to use gold as the elec- 
trode material for the surface plasmon resonance 
measurement since gold is more inert than silver. 
This is the case, in particular, at high electrode 

20 potentials. The potential dependency of the SPR 
curve is clearly evident from measurements. The 
reason is that potential change influences the dis- 
tribution of the electron density at the metal-test 
medium interface and the structure of the 

25 ionogenic double layer. 

Measurements on different salt solutions using 
a gold film and a silver film as metal layer exhibit 
the said potential-dependent effect. 

Adsorption of iodine on a gold film: measure- 

30 ments have been carried out with various solutions 
of potassium iodide in 0.1 M K2SO4. In figure 11a 
the angle of resonance is plotted as a function of 
the potential for a solution of 10 - " 5 M Kl in 0.1 M 
K2SO* (curve a) and for a 0.1 M K2SO4 solution 

35 without Kl (curve b). In all the series of measure- 
ments, larger changes in flres with Usee were 
observed with iodide solutions than in the case of 
solutions without iodide. This change became 
greater as the concentration of iodide increased. 

40 Figure 11b shows the two resonance curves for the 
same solution for one potential. 

The minimum concentration of iodide deter- 
mined in the measurements was approx. 20 ppb. 
On the basis of further measurement results and on 

45 the basis of calculations, it can be stated that the 
method according to the invention is still more 
sensitive than indicated above. Under the same 
conditions as the iodide measurements, no 
changes in signal were measured for solutions of 

50 10~ 3 M KCI or KBr. which demonstrates the ex- 
traordinary selectivity of this technique. 

The method and apparatus outlined may be 
used, as stated, for the determination of haiides, in 
particular iodide, but also for further substances 

55 such as organic compounds. 

The response time can be shortened by con- 
structing the measuring apparatus as a continuous- 
flow detector with a small detector volume (< 1 ul). 
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At the same time, this limits the widening of the 
(chromatographic) peak in the detector, in other 
words the dilution in the detector, of a sample or 
component injected into the carrier medium to a 
minimum. As a result, this is an excellent technique 
for high-pressure liquid chromatography and flow- 
injection analysis. 



Claims 

1 . A method for detecting low concentrations of 
at least one (bio-)chemical component present in a 
test medium in a test cell, having a metal layer as 
sub wall with an external glass prism, using the 
surface plasmon resonance effect, in which a light 
ray polarized in the plane of incidence is coupled 
in via the prism and, after attenuated total reflec- 
tion, is coupled out and the intensity thereof is 
measured, the incidence angle position of the reso- 
nance curve herein being determined under the 
influence of the change, caused by the component, 
in the dielectric constant of the test medium near 
the metal layer, characterized in that an adjustable 
selector is applied to the metal layer, in order to 
influence the incidence angle position of the reso- 
nance curve, through which the concentrations or 
concentration changes of one or more components 
in the test medium can be simultanously deter- 
mined through one or more differential measure- 
ments because a preferential association and 
therefor a higher concentration at the metal layer of 
one component above another is brought about 

2. A method according to claim 1, character- 
ized in that the adjustable selector is a variable 
potential through which in the differential 
measurement(s) a potential-dependent preferential 
adsorption of the one component above the other 
is brought about. 

3. A method according to claim 1, character- 
ized in that various adjustable potentials are ap- 
plied to an array of metal layer strips in the sub 
wall, in that several light rays corresponding with 
the strips are coupled in simultaneously, and that 
said light rays reflected by the separate metal layer 
strips are measured, as a result of which one or 
more differential measurements can be carried out. 

4. A method according to claim 2, character- 
ized in that a single beam of parallel light rays is 
coupled in under a fixed angle of incidence, the 
interface metal layer/test medium being provided 
with a plurality of parallel grooves, the longitudinal 
direction of which being transverse to the direction 
of the beam of light rays such that a fan of light 
rays, coupled out under different angles, comes 
about, the intensity of which rays is measured by 
an array of light detectors. 



5. A method according to claim 1. character- 
ized in that the adjustable selector is a plurality of 
different (bio-)chemical affinity ligands which are 
fixedly adsorbed in an array to the metal layer, 

5 through whih in the differential measurement(s) an 
affinity ligand-dependent preferential binding of the 
one component above the other is brought about. 

6. An apparatus for detecting low concentra- 
tions of at least one (bio-)chemical component 

10 present in a test medium using the surface plas- 
mon resonance effect, which apparatus is provided 
with a test cell for the test medium having a metal 
layer as sub wall with ah external prism, a monoch- 
romatic light source for coupling in via the prism a 

75 light ray polarized in the plane of incidence in order 
to excite a surface plasmon wave in the metal 
layer, and at least a detector for measuring the 
intensity occurring with attenuated total reflection in 
the light ray coupled out, the incidence angle posi- 

20 tion of the reference curve therein changing under 
the influence of the change, caused by the compo- 
nent, in the dielectric constant of the test medium 
near the metal layer, characterized in that the test 
cell is embodied with an adjustable selector at the 

25 metal layer in order to influence the incidence 
angle position of the resonance curve, through 
which the concentrations or concentration changes 
of one or more components in the test medium can 
be simultaneously determined via one or more 

30 differential measurements because a preferential 
association and thereby a higher concentration at 
the metal layer of one component above another is 
brought about. 

7. An apparatus according to claim 6, char- 
35 acterized in that the adjustable selector is a vari- 
able potential which is applied between a reference 
electrode and the metal layer, embodied as a work- 
ing electrode, with respect to a counterelectrode. 

8. An apparatus according to claim 7, char- 
ge acterized in that the metal layer is constructed as 

an array of metal layer strips, various potentials 
being applied to the separate metal layer strips 
with respect to the reference electrode, and in that 
the light source and the detector are constructed 
45 respectively-as a corresponding light source array 
and photo diode array, a plurality of light rays 
being coupled in simultaneously and being coupled 
out after reflection. 

9. An apparatus according to claim 6. char- 
so acterized in that the adjustable selector at the met- * 

al layer is formed by an array of (bio-)chemical 
affinity ligands which are fixedly adsorped to the 
metal layer. 

10. An apparatus according to claim 9, char- 
55 acterized in that the array of (bio-)chemical affinity 

ligands are a number of different antibodies or 
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aniigenes, such that in the test medium various 
aniigenes or antibodies respectively can be deter- 
mined. 

11. An apparatus according to claim 9. char- 
acterized in that the array of (bio-)chemical affinity 5 
iigands are a number of different DNA-or RNA- 
probes such that in the test medium homologous 
DNA can be determined. 

12. An apparatus according to claim 7, char- 
acterized in that the light source emits a beam of 10 
parallel light rays to the prism, which beam is 
coupled in under a fixed angle, that in the test cell 

the interface metal layer. test medium is embodied 
with a plurality of parallel grooves, the longitudinal 
direction of which is transverse to the direction of is 
the beam of light rays, such that a fan of light rays 
coupled out under different angles come about, 
and that an array of detectors is provided to mea- 
sure the intensity of the coupled-out tight rays. 

13. An apparatus according to claim 12, char- 20 
acterized in that the angle range of the fan of light 
rays, coupled out under different angles, is be- 
tween 60° and 70°. 

14. An apparatus according to claim 12 or 13, 
characterized in that by simultaneous irradiation of 25 
two or more grooves the coupled-out light rays 
constitute a characteristic interference pattern, 
which can be used as internal calibration to assist 

in determining the shift of the plasmon resonance 
curve. 30 
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